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SYSTEM AND METHOD FOR DETECTING 
HARMONICS OF RF BROADCAST STATION 

SURVEY SIGNALS 

RELATED INVENTION 

The present invention is related to “Active System and 
Method For Detecting Harmonics of RF Broadcast Station 
Survey Signals”, by David G. Worthy, Which is incorporated 
by reference herein. 

TECHNICAL FIELD OF THE INVENTION 

The present invention relates generally to the identi?ca 
tion of radio stations to Which radio tuners are tuned. More 
speci?cally, the present invention relates to the detection of 
the harmonics of survey signals, from a remote location, to 
identify the radio stations to Which tuners are tuned. 

BACKGROUND OF THE INVENTION 

The commercial broadcast industry and businesses Which 
advertise through the radio frequency (RF) broadcast media 
need to knoW the siZes of audiences Which are tuned to 
particular stations relative to other stations at particular 
times. This need has been met primarily through the use of 
verbal or Written audience participation surveys. With 
respect to radio, a majority of the listening occurs in 
automobiles. Aproblem With Written surveys is that listeners 
cannot practically make a record of their listening tendencies 
While driving. 

In order to make a record of listening tendencies While 
driving, passive electronic RF monitoring equipment has 
been used to remotely identify the stations to Which tuners 
may be tuned. Generally speaking, audiences’ radio tuners 
use predetermined signals, such as local oscillator signals, 
that are related to the frequencies of the respective stations 
currently being tuned in. The local oscillator signals are 
broadcast or otherWise emitted from the tuners as very Weak 
signals that sensitive monitoring equipment can detect. The 
passive monitoring equipment identi?es the radio stations to 
Which tuners are tuned by detecting these local oscillator 
signals. 

This remote monitoring technique is desirable because it 
does not require cooperation from an audience, hence reduc 
ing or eliminating a host of inaccuracies and costs associated 
With audience participation surveys. Furthermore, large 
sample siZes may be monitored at loW cost relative to 
audience participation survey techniques. 

Typically, prior art passive monitoring systems call for the 
local oscillator signals to be Well above the level of back 
ground electronic noise in the area at Which the remote 
monitoring is to occur. One primary source of background 
electronic noise, or interference, is from the radio stations 
themselves because the radio stations broadcast near in 
frequency to the desired local oscillator signal, and With 
much higher poWer. 

The background electronic noise may cause local oscil 
lator signals at some frequencies to be more readily detect 
able than other frequencies leading to station bias in favor of 
stations Whose related local oscillator signals may have a 
loWer level of background noise. One attempt to compensate 
for this station bias is to tune the monitoring equipment to 
the radio station or frequency With the loWest amount of 
signal to noise ratio in order to equaliZe the detection of the 
noisiest local oscillator signal With the detection of the other 
less noisy oscillator signals. Unfortunately, such a strategy 
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2 
results in the reduced sensitivity of the monitoring equip 
ment and a reduced number of incidences that a radio station 
is identi?ed, or counted, through the detection of the corre 
sponding local oscillator signal. 

In addition, other types of interference Will affect the prior 
art passive monitoring systems. For example, interference 
from intermittent transmissions from radio stations, televi 
sion stations, airports, and so forth may be erroneously 
counted by the monitoring equipment. Consequently, sig 
ni?cant “post” data integrity checking is employed to elimi 
nate such erroneous counts from the record. Post data 
integrity checking undesirably drives up the costs of the 
survey technique and increases the potential for creating 
error in the survey record. 

An active electronic RF monitoring system has also been 
used to remotely identify the stations to Which tuners may be 
tuned. The active system broadcasts an RF survey signal 
Which is related to an RF carrier signal, or radio broadcast 
signal. The RF survey signal is con?gured to cause a radio 
tuner to emit an audio echo signal from its corresponding 
speaker. Simultaneously, the audio echo signal is electro 
magnetically radiated from the radio tuner When the tuner is 
tuned to the radio broadcast signal related to the RF survey 
signal. The active monitoring equipment identi?es the radio 
stations to Which tuners are tuned by detecting the electro 
magnetically radiated audio echo signal. Unfortunately, the 
audio echo signal may be detected by some survey partici 
pants as interference on the radio station. 

SUMMARY OF THE INVENTION 

Accordingly, it is an advantage of the present invention 
that a system and method for remotely identifying RF 
broadcast stations in the presence of signi?cant background 
interference are provided. 

It is another advantage of the present invention that the 
system and method identify RF broadcast stations by detect 
ing the harmonics of survey signals. 

It is another advantage of the present invention that the 
system and method remotely obtain audience survey data in 
a manner that does not interfere With the RF broadcast 
signals. 

It is yet another advantage of the present invention that 
post data integrity checking is substantially reduced through 
the detection of the harmonics of the survey signals. 
The above and other advantages of the present invention 

are carried out in one form by a remote audience survey 
method for identifying radio stations to Which tuners are 
tuned, the tuners having predetermined signals emitted 
therefrom, and the predetermined signals being associated 
With the radio stations. The method calls for selecting one of 
the predetermined signals associated With one of the radio 
stations, the one predetermined signal exhibiting a funda 
mental frequency. The method further calls for receiving a 
second signal, detecting a harmonic of the fundamental 
frequency Within the second signal, and determining that 
one of the tuners is tuned to the radio station in response to 
the detecting operation. 
The above and other advantages of the present invention 

are carried out in another form by a remote audience survey 
system for identifying a radio station to Which a tuner is 
tuned, the tuner having local oscillator (LO) signals emitted 
therefrom. The system includes a controller con?gured to 
select one of the LO signals associated With the radio station, 
the one LO signal exhibiting a fundamental frequency. An 
antenna is con?gured to receive a second signal. A receiver 
is in communication With the antenna the controller. The 
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receiver is con?gured to detect a harmonic of the funda 
mental frequency Within the second signal to determine that 
the tuner is tuned to the radio station. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete understanding of the present invention 
may be derived by referring to the detailed description and 
claims When considered in connection With the Figures, 
Wherein like reference numbers refer to similar items 
throughout the Figures, and: 

FIG. 1 shoWs a diagram of an example environment 
Within Which a preferred embodiment of the present inven 
tion may operate; 

FIG. 2 shoWs an exemplary graph of frequency versus 
signal strength of a local oscillator (LO) signal; 

FIG. 3 shoWs a block diagram of a passive survey 
electronics system; 

FIG. 4 shoWs a How chart of a passive survey process 
performed by the passive survey electronics system of FIG. 
3; 

FIG. 5 shoWs a tuning table maintained in a memory 
structure Within a controller portion of the passive survey 
electronics system of FIG. 3; 

FIG. 6 shoWs an exemplary format for a call record 
logged by the controller portion of the passive survey 
electronics system of FIG. 3; 

FIG. 7 shoWs a diagram of an example environment 
Within Which an alternative embodiment of the present 
invention may operate; 

FIG. 8 shoWs a block diagram of an active survey 
electronics system in accordance With the alternative 
embodiment of the present invention; 

FIG. 9 shoWs a How chart of an active broadcast survey 
process performed by the active survey electronics system of 
FIG. 8; 

FIG. 10 shoWs a tuning table maintained in a memory 
structure Within a controller portion of the active survey 
electronics system of FIG. 8; and 

FIG. 11 shoWs an exemplary format for a call record 
logged by the controller portion of the active survey elec 
tronics system of FIG. 8. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

FIG. 1 shoWs a diagram of an example environment 20 
Within Which a preferred embodiment of the present inven 
tion may operate. Environment 20 includes a road 22 on 
Which any number of radio-equipped vehicles 24, such as 
cars, trucks, motorcycles, and the like, may travel in either 
of tWo directions. 

Many of vehicles 24 include a radio or tuner 26 for 
receiving commercially broadcast radio or other signals, 
such as conventional AM, FM, television, and the like. For 
purposes of the folloWing description, radios and tuners are 
synonymous including all of the components thereof, such 
as antennas, loudspeakers, and the like. Tuners 26 detect RF 
broadcast signals, or radio broadcast signals 28, through a 
Well knoWn demodulation process Which requires tuners 26 
to generate predetermined signals, such as local oscillator 
(LO) signals 30 related to radio broadcast signals 28 for 
radio stations. 

The currently preferred embodiment of the present inven 
tion identi?es the FM radio stations to Which some of tuners 
26 may be tuned by detecting the harmonics of LO signals 
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4 
30 (described beloW). HoWever, those skilled in the art Will 
appreciate that many features of the present invention may 
be successfully applied to identifying AM, L-band, televi 
sion stations, and so forth, either alone or in combination 
With the detection of FM stations. Moreover, the predeter 
mined signals need not be local oscillator signals 30 gener 
ated by tuners 26, but may be any predetermined signal 
generated or echoed by associated elements of tuners 26, 
including antennas, or loudspeakers, that can be related to 
radio broadcast signals 28. 
The present invention uses an antenna 34 to establish a 

detection Zone 36 Within Which LO signals 30 emitted from 
vehicles 24 may be received. In exemplary environment 20, 
detection Zone 36 extends across road 22 to cover traf?c 
lanes for tWo directions. Antenna 34 may be a directional 
antenna With a substantially ?at response through the fre 
quency bands of interest (discussed beloW). 

For the conventional FM band standard used in the United 
States and elseWhere, each of LO signals 30 oscillate at a 
fundamental frequency around 10.7 MHZ above the fre 
quency of radio broadcast signal 28 for a radio station to 
Which a tuner 26 is currently tuned. In other Words, since the 
FM band for radio broadcast signals 28 is 88.1—107.9 MHZ, 
LO signals 30 are exhibit even tenth-MHZ fundamental 
frequencies in the band of 98.8—118.6 MHZ. 

Referring to FIG. 2 in connection With FIG. 1, FIG. 2 
shoWs an exemplary graph 37 of frequency 38 versus signal 
strength 40 of one of LO signals 30. Graph 37 shoWs a 
fundamental frequency 42 for LO signal 30 as being 98.8 
MHZ. Fundamental frequency 42 is also knoWn as the ?rst 
harmonic of LO signal 30. A harmonic is a sinusoidal 
component of a complex Waveform, such as LO signal 30. 
When tuner 26 generates LO signal 30 at fundamental 
frequency 42, higher order harmonics are also included 
Within the harmonic content of LO signal 30. For example, 
a second harmonic 44, shoWn as 197.6 MHZ, is tWice that of 
fundamental frequency 42, a third harmonic 46, shoWn as 
296.4 MHZ, is thrice that of fundamental frequency 42, and 
a fourth harmonic 48, shoWn as 395.2 MHZ, is four times 
that of fundamental frequency 42. 
LO signals 30 are very Weak signals Which are emitted 

from tuners 26 primarily by a vehicle’s antenna 50. Vehicle 
antenna 50 couples to tuner 26 and is primarily intended to 
receive radio broadcast signals 28. Signal strength 40 of LO 
signal 30 may vary signi?cantly from vehicle 24 to vehicle 
24. In addition, the background electronic noise, or 
interference, may be greater on LO signals 30 on some of 
fundamental frequencies 42 than on LO signals 30 at others 
of fundamental frequencies 42. The variance of signal 
strength 40 and the imposition of interference betWeen LO 
signals 30 can result in survey errors When merely detecting 
LO signals 30 at fundamental frequencies 42 in a passive 
remote monitoring equipment. 
The present invention mitigates the problems associated 

With detecting LO signals 30 by additionally or alternatively 
detecting the presence of second and/or third harmonics 44 
and 46, respectively, of fundamental frequencies 42 of LO 
signals 30 to identify radio stations to Which tuners 26 are 
tuned. 

FIG. 3 shoWs a block diagram of a passive survey 
electronics system 52. System 52 includes antenna 34, 
discussed above, a scanning receiver 54, a reference oscil 
lator 56, and a controller 58 in data communication With 
each of receiver 54 and reference oscillator 56. 

Scanning receiver 54 includes a ?rst receiver element 60, 
a second receiver element 62, and a third receiver element 
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64. Antenna 34 is in communication With a signal input of 
an ampli?er 66 of ?rst receiver element 60. An output of 
ampli?er 66 couples to a signal input of a tunable bandpass 
?lter 68, and an output of ?lter 68 couples to a signal input 
of a detector 70. Asignal output of detector 70 couples to an 
input of controller 58. Tunable bandpass ?lter 68 has an 
RF-range center frequency speci?ed by controller 58 and is 
con?gured to be tuned to receive fundamental frequencies 
42 of LO signals 30 (FIG. 1) Within the band of 98.8—118.6 
MHZ. 

Likewise, antenna 34 is in communication With a signal 
input of an ampli?er 72 of second receiver element 62. An 
output of ampli?er 72 couples to a signal input of a tunable 
bandpass ?lter 74, and an output of ?lter 74 couples to a 
signal input of a detector 76. A signal output of detector 76 
couples to an input of controller 58. Tunable bandpass ?lter 
74 has an RF-range center frequency speci?ed by controller 
58 and is con?gured to be tuned to receive second harmonics 
44 of LO signals 30 (FIG. 1) Within the band of 197.6—237.2 
MHZ. 

Antenna 34 is also in communication With a signal input 
of an ampli?er 78 of third receiver element 64. An output of 
ampli?er 78 couples to a signal input of a tunable bandpass 
?lter 80, and an output of ?lter 80 couples to a signal input 
of a detector 82. Asignal output of detector 82 couples to an 
input of controller 58. Tunable bandpass ?lter 80 has an 
RF-range center frequency speci?ed by controller 58 and is 
con?gured to be tuned to receive third harmonics 46 of LO 
signals 30 (FIG. 1) Within the band of 296.4—355 .8 MHZ. 

In a preferred embodiment, scanning receiver 54 is a 
digital receiver in Which tuning parameters are individually 
set for each frequency in a frequency band of interest. For 
example, for each of LO signals 30. (FIG. 1) at a particular 
location of system 52 (see FIG. 1), the On/Off status of each 
of ?rst, second, and third receiver elements 60, 62, and 64 
may be set depending upon Whether or not fundamental 
frequency 42 (FIG. 2), second harmonic 44 (FIG. 2), or third 
harmonic 46 (FIG. 2) of one of LO signals 30 is expected to 
be detectable through the background interference in detec 
tion Zone 36. This On/Off status provides the bene?t of 
loWer current draW, and yet system 52 still retains the 
capability of receiving all three of fundamental frequency 
42, second harmonic 44, and third harmonic 46 as desired. 
Depending on hoW many of ?rst, second, and third receiver 
elements 60, 62, and 64 are poWered at one time determines 
current draW of system 52 and the speed at Which all 
frequencies are scanned. 

In addition, the digital receiver implementation alloWs 
?rst, second, and third receiver elements 60, 62, and 64 to 
operate in parallel so as to concurrently receive LO signals 
30 and concurrently detect fundamental frequency 42, sec 
ond harmonic 44, and third harmonic 46. This parallel 
operation increases the scanning speed and ultimately the 
number of survey records created. 

Furthermore, the digital implementation of scanning 
receiver 54, alloWs the gain of each of ampli?ers 66, 72, and 
78, and the bandWidth of each of ?lters 68, 74, and 80, to be 
individually set to insure that the expected ones of funda 
mental frequency 42 (FIG. 2), second harmonic 44, and third 
harmonic 46 to Which scanning receiver 54 can be tuned Will 
be received equally With respect to each other. 

Each of ?rst, second, and third receiver elements 60, 62, 
and 64 can be further tuned to scan or track together. For 
example, if ?rst receiver element 60 is tuned to receive 
fundamental frequency 42 of 98.8 MHZ, then second 
receiver element 62 Will be tuned to receive second har 
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6 
monic 44 of 197.6 MHZ, and third receiver element 64 Will 
be tuned to receive third harmonic 46 of 296.4 MHZ. 

Since ?rst, second, and third receiver elements 60, 62, and 
64 track all of fundamental frequency 42, second harmonic 
44, and third harmonic 46 of LO signals 30, a signal found 
on one may be checked With the other tWo. In addition, 
system 52 advantageously has the ability to receive each of 
second and third harmonics 44 and 46, respectively, because 
tuners 26 (FIG. 1) tend to emit LO signals 30 (FIG. 1) rich 
in either even (i.e., second harmonic 44) or odd (i.e., third 
harmonic 46) harmonics, but not both. In contrast, generally 
interference and broadcast signals do not have signi?cant 
harmonic content. 

Each of detectors 70, 76, and 82 of ?rst, second, and third 
receiver elements 60, 62, and 64, respectively, ampli?es and 
recti?es its corresponding input signal. In addition, each of 
detectors 70, 76, and 82 compares the resulting input signal 
to a threshold value or some detection criterion supplied by 
controller 58 to determine if one of tuners 26 (FIG. 2) is 
tuned a radio station corresponding to one of radio broadcast 
signals 28 (FIG. 1). 

Reference oscillator 56 provides a stable frequency ref 
erence. In the embodiment shoWn in FIG. 3, oscillator 56 or 
a signal derived from oscillator 56 serves as a clock signal 
for controller 58. Controller 58 may be implemented using 
conventional microprocessor and microcontroller circuits 
and related peripherals Well knoWn to those skilled in the art. 
Such circuits and peripherals include non-volatile and vola 
tile memory (not shoWn) Within Which a computer program 
is stored and Within Which variables, tables, lists, and 
databases manipulated by the computer program are stored. 
A communications port 84 of controller 58 provides a Way 
to enter and extract data from controller 58. Port 84 may be 
provided by a disk drive, modem, cellular or land-line 
communications link, and the like. 

FIG. 4 shoWs a How chart of a passive survey process 86 
performed by passive survey electronics system 52 (FIG. 3). 
Process 86 is de?ned by a computer program stored in and 
executed by controller 58 (FIG. 3). Generally, process 86 
operates continuously in a loop to obtain data Which are then 
communicated through port 84 (FIG. 3) and further pro 
cessed in a conventional manner to form an audience survey. 

Process 86 begins With a task 88 Which selects a next local 
oscillator signal 30. The selected LO signal 30, as described 
in connection With process 86 is a survey signal. Task 88 
may consult a table When selecting a next LO signal 30. 
Referring to FIG. 5 in connection With task 88, FIG. 5 shoWs 
a tuning table 90 Which is maintained in a memory structure 
(not shoWn) Within controller 58 (FIG. 3) of system 52 (FIG. 
3). 

Table 90 depicts an exemplary memory structure Which 
associates radio stations 92, identi?ed by their call letters, 
With their related radio broadcast signals 28 and LO signals 
30. For clarity of illustration, LO signals 30 are identi?ed in 
table 90 by their related fundamental frequencies 42. 

Tuning table 90 may include any number of radio stations 
92, as indicated by ellipsis 94. HoWever, table 90 is con 
structed to include only LO signals 30 corresponding to 
radio stations 92 Which are to be included in an audience 
survey prepared by system 52 (FIG. 3). Typically, all radio 
stations 92 Whose LO signals 30 are reasonably detectable at 
any of fundamental frequency 42, second harmonic 44, or 
third harmonic 46 in detection Zone 36 (FIG. 1) are included 
in an audience survey. Any radio stations 92 not reasonably 
detectable in Zone 36 are omitted from table 90 and the 
audience survey, and desirably none of radio stations 92 are 
listed tWice in table 90. 
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With reference to FIGS. 4 and 5, task 88 may move a 
pointer (not shown) to a next entry in table 90 to select the 
next one of LO signals 30. Thus, the next one of LO signals 
30 selected is the next one of fundamental frequencies 42 
listed in table 90. Of course When the pointer reaches the end 
of table 90 it may return to the beginning of table 90. 
A task 89 is performed in connection With task 88. Task 

89 tunes ?rst, second, and third receiver elements 60, 62, and 
64 (FIG. 3) of scanning receiver 54 according to tuning 
parameters associated With the selected one of LO signals 
30. As shoWn in FIG. 5, tuning table 90 includes tuning 
parameters for each of ?rst, second, and third receiver 
elements 60, 62, and 64, in association With each of LO 
signal fundamental frequencies 42. 

The tuning parameters represent data that serve as instruc 
tions for the control of receiver elements 60, 62, and 64 by 
controller 58 (FIG. 3). For example, tuning parameters 95 
for ?rst receiver element 60 include an On/Off status 96, an 
ampli?er gain value 98, and a fundamental frequency band 
100. LikeWise, tuning parameters 97 for second receiver 
element 62 include On/ Off status 96, ampli?er gain value 98, 
and a second harmonic frequency band 102. In addition, 
tuning parameters 99 for third receiver element 64 include 
On/Off status 96, ampli?er gain value 98, and a third 
harmonic frequency band 104. The tuning parameters of 
tuning table 90 are desirably set for detection Zone 36 (FIG. 
1) When system 52 (FIG. 3) is positioned along road 22 
(FIG. 1). 

In addition to tuning scanning receiver 54, task 89 ini 
tialiZes a “call”, or survey, record for the selected one of LO 
signals 30. FIG. 6 shoWs an exemplary format for a call 
record 106 initialiZed by controller 58 (FIG. 3) of system 52 
(FIG. 3) through the execution of task 89. Call, or survey, 
record 106, includes data relevant to the detection of one of 
radio stations 92 (FIG. 5) to Which one of tuners 26 (FIG. 1) 
may be tuned. Task 89 may, for example, record a date 108 
and start time 110 for the detection of fundamental fre 
quency 42, or its second or third harmonic 44 or 46, 
respectively, of the selected one of LO signals 30 related to 
one of radio broadcast signals 28. 

Call record 106 also includes expected signal ?elds 112 
for each of fundamental frequency 42, second harmonic 44, 
and third harmonic 46. Field 112 is completed in response to 
On/Off status 96 from tuning table 90 (FIG. 5). For example, 
in accordance With On/Off status 96 of tuning table 90, ?rst 
and second receiver elements 60 and 62, respectively are 
“ON” and third receiver element 64 is “OFF”. This corre 
sponds to the expectation that fundamental frequency 42 and 
second harmonic 44 for the selected one of LO signals 30 
Will be detectable, and third harmonic 46 Will not be 
detectable. As such, task 89 initialiZes ?elds 112 for funda 
mental frequency 42 and second harmonic 44 With “YES” 
and ?eld 112 for third harmonic 46 With “NO”. 

Call record 106 Will be completed through the further 
execution of process 86 (FIG. 4) and saved in a memory 
structure (not shoWn) of controller 58 (FIG. 3) if one of 
tuners 26 is tuned to one of radio stations 92 associated With 
the selected one of LO signals 30. If one of tuners 26 is not 
detected, call record 106 Will not be completed. 

Referring back to process 86 (FIG. 4), folloWing tuning 
and initialiZation task 89, a task 114 is performed. Task 114 
causes system 52 to be enabled to receive a second signal 
116 (see FIG. 3). Task 114 may set a timer (not shoWn) for 
monitoring a duration of time during Which the selected one 
of LO signals 30 is to be detected and evaluated for 
fundamental frequency 42, second harmonic 44, and third 
harmonic 46. 
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In response to task 114, a query task 118 is performed. 

Query task 118 determines if On/Off Status 96 (FIG. 5) for 
?rst receiver element 60 (FIG. 3) is “On”. When query task 
118 determines On/Off Status 96 is “On”, process 86 pro 
ceeds to a query task 120. Query task 120 determines if 
fundamental frequency 42 (FIG. 2) for the selected one of 
LO signals 30 (FIG. 1) is detected Within second signal 116 
(FIG. 3). 

In making this determination, query task 120 may desir 
ably evaluate a signal strength parameter to insure that the 
received second signal 116 exhibits an amplitude at funda 
mental frequency 42 above a predetermined minimum to 
reduce the likelihood of confusing a spurious signal With a 
legitimate call. When query task 120 determines that fun 
damental frequency 42 is detected, program control pro 
ceeds to a task 122. 

At task 122, an af?rmative response is logged into an 
af?rmative response ?eld 124 (FIG. 6) of call record 106 
(FIG. 6) for fundamental frequency 42. HoWever, When 
query task 120 determines that fundamental frequency 42 is 
not detected Within second signal 116, program control 
proceeds to a task 126. At task 126, a negative response is 
logged into a negative response ?eld 128 (FIG. 6) of call 
record 106 (FIG. 6) for fundamental frequency 42. 

Referring back to query task 118, When query task 118 
determines that On/Off Status 96 (FIG. 5) for ?rst receiver 
element 60 (FIG. 3) is not “On”, process 86 proceeds to a 
query task 130. LikeWise, folloWing tasks 122 and 126, 
process 86 proceeds to query task 130. 

Query task 130 determines if On/Off Status 96 (FIG. 5) 
for second receiver element 62 (FIG. 3) is “On”. When 
query task 130 determines On/Off Status 96 is “On”, process 
86 proceeds to a query task 132. Query task 132 determines 
if second harmonic 44 (FIG. 2) for the selected one of LO 
signals 30 (FIG. 1) is detected Within second signal 116 
(FIG. 3). 

In making this determination, query task 132 may desir 
ably evaluate a signal strength parameter to insure that 
received second signal 116 exhibits an amplitude at second 
harmonic 44 above a predetermined minimum to reduce the 
likelihood of confusing a spurious signal With a legitimate 
call. This predetermined minimum amplitude need not be 
the same amplitude as that used by query task 120, but may 
be optimiZed for the detection of second harmonic 44. When 
query task 132 determines that second harmonic 44 is 
detected, program control proceeds to a task 134. 
At task 134, an af?rmative response is logged into affir 

mative response ?eld 124 (FIG. 6) of call record 106 (FIG. 
6) for second harmonic 44. HoWever, When query task 132 
determines that second harmonic 44 is not detected, program 
control proceeds to a task 136. At task 136, a negative 
response is logged into negative response ?eld 128 (FIG. 6) 
of call record 106 (FIG. 6) for second harmonic 44. 

Referring back to query task 130, When query task 130 
determines that On/Off Status 96 (FIG. 5) for second 
receiver element 62 (FIG. 3) is not “On”, process 86 
proceeds to a query task 138. LikeWise, folloWing tasks 134 
and 136, process 86 proceeds to query task 138. 

Query task 138 determines if On/Off Status 96 (FIG. 5) 
for third receiver element 64 (FIG. 3) is “On”. When query 
task 138 determines On/Off Status 96 is “On”, process 86 
proceeds to a query task 140. Query task 140 determines if 
third harmonic 46 (FIG. 2) for the selected one of LO signals 
30 (FIG. 1) is detected Within second signal 116 (FIG. 3). 

In making this determination, query task 140 may desir 
ably evaluate a signal strength parameter to insure that 
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received second signal 116 exhibits an amplitude at third 
harmonic 46 above a predetermined minimum to reduce the 
likelihood of confusing a spurious signal With a legitimate 
call. This predetermined minimum amplitude need not be 
the same amplitude as that used by query tasks 120 or 132, 
but may be optimiZed for the detection of third harmonic 46. 
When query task 140 determines that third harmonic 46 is 
detected, program control proceeds to a task 142. 
At task 142, an af?rmative response is logged into af?r 

mative response ?eld 124 (FIG. 6) of call record 106 (FIG. 
6) for third harmonic 46. HoWever, When query task 140 
determines that third harmonic 46 is not detected, program 
control proceeds to a task 144. At task 144, a negative 
response is logged into negative response ?eld 128 (FIG. 6) 
of call record 106 (FIG. 6) for third harmonic 46. 

Referring back to query task 138, When query task 138 
determines that On/Off Status 96 (FIG. 5) for third receiver 
element 64 (FIG. 3) is not “On”, process 86 proceeds to a 
query task 146. LikeWise, folloWing tasks 142 and 144, 
process 86 proceeds to query task 146. 

Query tasks 120, 132, and 140 and their ensuing actions 
serve the function of evaluating a signal, in the form of 
second signal 116, received at antenna 34 (FIG. 3) to 
determine if second signal 116 is the selected one of LO 
signals 30 oscillating at and identi?able by the detection of 
fundamental frequency 42, second harmonic 44, or third 
harmonic 46. In addition, as discussed previously, ?rst, 
second, and third receiver elements 60, 62, and 64 (FIG. 3) 
may operate in parallel, so that query tasks 120, 132, and 140 
are performed substantially concurrently so as to quickly 
and ef?ciently detect fundamental frequency 42, second 
harmonic 44, and third harmonic 46. 

Query task 146 determines if the expected ones of fun 
damental frequency 42, second harmonic 44, or third har 
monic 46 Were detected Within second signal 116. Controller 
58 (FIG. 3) performs query task 146 by evaluating call 
record 106 (FIG. 6). Call record 106 is evaluated to deter 
mine that an af?rmative response “X” is present in af?rma 
tive response ?eld 124 for those of fundamental frequency 
42, second harmonic 44, and third harmonic 46 Whose 
corresponding expected signal ?eld 112 contains a “Yes”. 
When the expected ones of fundamental frequency 42, 

second harmonic 44, and third harmonic 46 are detected, 
process 86 proceeds to a task 148. Task 148 Writes call 
record 106 (FIG. 6), initialiZed in task 89, to memory so that 
it may later be communicated to a processing center (not 
shoWn) for compilation into a survey results report. In other 
Words, task 148 records the detection of one of tuners 26 
(FIG. 1) tuned to one of the surveyed radio broadcast signals 
28 (FIG. 1) through the detection of fundamental frequency 
42, second harmonic 44, and third harmonic 46 for an 
associated one of LO signals 30. Task 148 may also add data 
describing a stop time, signal strength, and other factors to 
call record 106. 

FolloWing task 148, program control loops back to task 88 
to repeat process 86 for a selected next one of LO signals 30. 
In a preferred embodiment, each selected one of LO signals 
30 may be evaluated in less than a feW milliseconds. 
Accordingly, all of LO signals 30 listed in table 90 may be 
evaluated in less time than a vehicle 24 (FIG. 1) spends in 
detection Zone 36 (FIG. 1) 
When query task 146 determines that the expected ones of 

fundamental frequency 42, second harmonic 44, and third 
harmonic 46 are not detected, process 86 proceeds to a task 
150. Task 150 clears call record 106, initialiZed in task 89, 
and program control loops back to task 88 to repeat process 
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86 for a selected next one of LO signals 30. In other Words, 
no tuners 26 in detection Zone 36 (FIG. 1) are tuned to the 
one of radio broadcast signals 28 (FIG. 1) associated With 
the selected one of LO signals 30. 

FIG. 7 shoWs a diagram of an example environment 152 
Within Which an active survey electronics system 154 may 
operate in an alternative embodiment of the present inven 
tion. Generally, system 154 surveys tuners 26 mounted in 
vehicles 24 and traveling along road 22, only one of Which 
is shoWn in FIG. 7. Tuners 26 pass through a detection Zone 
156, and system 154 identi?es radio broadcast signals 28 to 
Which tuners 26 are tuned, radio broadcast signals 28 being 
received by antennas 50 coupled to tuners 26 at the instants 
they pass through detection Zone 156. Records of such 
detections are then processed in a conventional manner to 
generate audience survey results. 

Antennas 158 and 160 have antenna patterns that overlap 
to de?ne detection Zone 156. Antennas 158 and 160 can be 
located above, beside, or on a median Within road 22. 
Antennas 158 and 160 each couple to an active survey 
electronics system 154. Antenna 158 is used in a signal 
transmitting role so a survey signal 162 broadcast from 
antenna 158 is targeted to detection Zone 156. Antenna 160 
is used in a signal-receiving role to detect a second signal 
164 radiated from Within detection Zone 156. 

Antenna 158 transmits survey signal 162 Which is related 
to one of radio broadcast signals 28 of a radio station about 
Which an audience survey is being taken. In a preferred 
embodiment, survey signal 162 is one of LO signals 30 
(FIG. 2) oscillating at a fundamental frequency 42 (FIG. 2) 
Which has been modi?ed to include a signal identi?er 
(discussed beloW). Antenna 50 receives survey signal 162 
and tuner 26 processes survey signal 162. Accordingly, 
When tuner 26 is tuned to one of radio broadcast signals 28 
that is related to fundamental frequency 42 of survey signal 
162, survey signal 162 including the signal identi?er mixes 
With the LO signal 30 emitted from tuner 26 in response to 
receiving radio broadcast signal 28 to form second signal 
164. Accordingly, second signal 164 Which includes the 
signal identi?er is detected at second antenna 160 to deter 
mine that tuner 26 is tuned to one of radio broadcast signals 
28. No such second signal 164, including the signal 
identi?er, is radiated from tuner 26 When tuner 26 is not 
tuned to the one of radio broadcast signals 28 related to 
survey signal 162. 

FIG. 8 shoWs a block diagram of active survey electronics 
system 154 in accordance With the alternative embodiment 
of the present invention. For convenience, FIG. 8 depicts 
antenna 158 as being a part of a transmitter 166. LikeWise, 
FIG. 8 depicts antenna 160 as being part of scanning 
receiver 54, described in detail in connection With system 52 
of FIG. 3. Like scanning receiver 54 and reference oscillator 
56, transmitter 166 couples to controller 58. 

Transmitter 166 includes a signal generator portion 170 
and a transmitter portion 172. Reference oscillator 56 is 
additionally coupled to a voltage controller oscillator (VCO) 
174 of signal generator portion 170. An output of VCO 174 
couples to an input of a modulator 176 and an output of 
modulator 176 couples to an input of a sWitch 178. An output 
of sWitch 178 couples to an input of an RF ampli?er 180 of 
transmitter portion 172, and an output of RF ampli?er 180 
couples to transmitting antenna 158. A control output from 
controller 58 is in communication With each of VCO 174, 
modulator 176, sWitch 178, and RF ampli?er 180. 

FIG. 9 shoWs a How chart of an active broadcast survey 
process 182 performed by active survey electronics system 












